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The title molecule, C22H 2 4F 6 N 2 03, adopts a folded conforma- 
tion whereby the carboxylate residue lies over the quinolinyl 
residue, with the dihedral angle between the carbamate and 
quinoline planes being 41.64 (7)°. Helical supramolecular C(7) 
chains sustained by O— H- ■ O hydrogen bonds propagating 
along the a-axis direction feature in the crystal packing. The F 
atoms of one of the CF 3 groups are disordered over two 
orientations; the major component has a site occupancy of 
0.824 (7). 

Related literature 

For background to the anti-mycobacterial activity of meflo- 
quine, see: Goncalves et al. (2010); Mao et al. (2007); Maguire 
et al. (2006). For the synthesis, see: Grellepois et al. (2005). For 
related structural studies, see: Goncalves et al. (2011); de 
Souza etal. (2011); Wardell etal. (2010, 2011a,6); Pitaluga etal. 
(2010). 



F 3 C 



Experimental 

Crystal data 

C22H 24 F 6 N 2 0 3 
M, = 478.43 
Orthorhombic, P2 l 2 l 2 l 
a = 9.888 (3) A 
b = 10.696 (3) A 
c = 21.158 (5) A 

Data collection 

Rigaku Saturn944+ diffractometer 
Absorption correction: multi-scan 

(CrystalClear-SM Expert; 

Rigaku, 2011) 

T min = 0.863, r mK = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.054 

wR(F 2 ) = 0.130 

S = 1.13 

3722 reflections 

314 parameters 

31 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 




t-Bu 



V = 2237.7 (10) A 3 
Z = 4 

Cu Ka radiation 
jit = 1.12 mm -1 
T = 100 K 

0.12 x 0.11 x 0.10 mm 



10899 measured reflections 
3722 independent reflections 
3640 reflections with / > 2a(I) 
R inl = 0.037 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/W = 0.37 e A~ 3 

Ap mi „ = -0.44 e A~ 3 

Absolute structure: Flack (1983), 
1532 Friedel pairs 

Flack parameter: -0.08 (13) 



D-H-A 


D—H 


n-A 


D- ■ A 


D-H-A 


Ol-Hlo-02' 


0.85 (3) 


1.96 (3) 


2.794 (3) 


171 (3) 


Symmetry code: (i) x - 


l- 1, -y + 1, -z. 









Data collection: CrystalClear-SM Expert (Rigaku, 2011); cell 
refinement: CrystalClear-SM Expert; data reduction: CrystalClear-SM 
Expert; program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: publCIF ( Westrip, 2010). 
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fert-Butyl 2-{[2,8-bis(trifluoromethyl)quinolin-4-yl](hydroxy)methyl}piperidine-l-carboxylate 
R. S. B. Gon?alves, M. V. N. de Souza, J. L. Wardell, S. M. S. V. Wardell and E. R. T. Tiekink 

Comment 

Mefloquine has been used in the prevention and treatment for malaria in combination with other drugs for some decades 
(Maguire et ah, 2006). More recently, the activity of mefloquine has been investigated against other diseases, for example, 
as anti-viral and anti-tubercular agents (Mao et ah, 2007). In continuation of our structural and biological studies on me- 
floquine derivatives (Goncalves et al, 2010, 2011; de Souza et ah 2011; Wardell, et al, 2010; 2011a; 20116; Pitaluga et 
ah, 2010), we now report the crystal and molecular structure of the title compound, ?ert-butyl 2-[[2,8-bis(trifluoromefhyi)- 
4-quinolinyl](hydroxy)methyl]tetrahydro- 1 (2//)-pyridine carboxylate, (I). 

In the molecule of (I), Fig. 1, the hydroxyl group lies to one side of the plane through the quinolinyl residue and the 
substituted piperidine ring to other with the carboxylate ester folded over to lie over the quinolinyl plane. However, the 
two residues are non-parallel with the dihedral angle between the quinolinyl and carbamate planes being 41.64 (7) °. The 
piperidine ring has a conformation close to a chair form. Mefloquine used as a reagent was a racemate. However, the reported 
crystal structure is of one form of a racemic mixture as the molecules spontaneously resolved during crystallization. The 
sum of the angles at the site of substitution, the trisubstituted N2 atom, is 360° indicating a planar geometry, and hence 
an achiral centre. In (I), the configurations at the C12 and C13 positions are R and S, respectively. The most prominent 
intermolecular interactions in the crystal structure are O — HO hydrogen bonds that lead to helical supramolecular chains 
along the a axis, Fig. 1 and Table 1 . 

Experimental 

The compound was prepared by a published procedure (Grellepois et ah, 2005) from B0C2O and mefloquine in the presence 
of Et3N. Colourless chips of (I) were grown from an EtOH solution, Mpt. 419-420 K. 

Refinement 

The C-bound H atoms were geometrically placed (C — H = 0.95-1 .00 A) and refined as riding with £/ ;-so (H) = 1 .2-1 .5 U eq (C). 
The O— H H atom was located in a difference and refined with O— H = 0.84±0.01 A, and with U iso (K) = l.5U eq (0). One 
of the CF3 groups was found to be disordered. This was resolved over two positions for each F atom. The pairs of F atom 
had common anisotropic displacement parameters. The major component of the disordered F atoms had a site occupancy 
= 0.824 (7). 
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Figures 




Fig. 1 . The molecular structure of (I) showing displacement ellipsoids at the 50% probability 
level. 



Fig. 2. A view of the helical supramolecular chain propagated long the a axis via O — FFO 
hydrogen bonds (orange dashed lines) in the crystal structure of (I). 



ferf-Butyl 2-{[2,8-bis(trifluoromethyl)quinolin-4- yl](hydroxy)methyl}piperidine-1 -carboxylate 



Crystal data 

C22H24F6N2O3 
M,. = 478.43 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 9.888(3) A 
b= 10.696 (3) A 
c = 21.158 (5) A 

V= 2237.7 (10) A 3 
Z=4 



^(000) = 992 

D x = 1.420 Mgrn -3 

Cu Ka radiation, X = 1.54187 A 

Cell parameters from 2676 reflections 

6 = 21.7-66.3° 

|i = 1.12 mm 1 
T= 100 K 
Chip, colourless 
0.12x0.11 x 0.10 mm 



Data collection 

Rigaku Saturn944+ 
diffractometer 

Radiation source: fine- focus sealed tube 
confocal 

Detector resolution: 22.2222 pixels mm" 1 
profile data from co-scans 
Absorption correction: multi-scan 
(CrystalClear-SM Expert; Rigaku, 2011) 

r min = 0.863, r max = 1.000 

10899 measured reflections 



3722 independent reflections 

3640 reflections with / > 2a(7) 
i?;„, = 0.037 



h = -\\-y\\ 
*■ = — 11— »-12 
/ = -25^24 



, = 4.9° 



Refinement 



Refinement on F 



Secondary atom site location: difference Fourier map 
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Least-squares matrix: full 
R[F 2 > 2g(F 2 )~\ = 0.054 

wR(F 2 ) = 0.130 

S= 1.13 
3722 reflections 
314 parameters 
31 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Is. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Uis O *IU e0i 


Occ. (<1) 


CIO 


0.2018 (3) 


-0.0161 (2) 


0.10080 (11) 


0.0390 (6) 


0.824 (7) 


Fl 


0.1438 (3) 


-0.0585 (4) 


0.04787 (14) 


0.0360 (7) 


0.824 (7) 


F2 


0.0959 (3) 


-0.0005 (3) 


0.14211 (13) 


0.0639 (10) 


0.824 (7) 


F3 


0.2775 (3) 


-0.1073 (2) 


0.1234 (2) 


0.0713 (10) 


0.824 (7) 


CIO' 


0.2018 (3) 


-0.0161 (2) 


0.10080 (11) 


0.0390 (6) 


0.176 (7) 


Fl' 


0.1146(16) 


-0.050 (2) 


0.0558 (8) 


0.0360 (7) 


0.176 (7) 


F2' 


0.1618(18) 


-0.0399 (15) 


0.1586 (3) 


0.0639 (10) 


0.176 (7) 


F3' 


0.3022 (11) 


-0.1023 (11) 


0.0948 (8) 


0.0713 (10) 


0.176 (7) 


F4 


0.36443 (14) 


0.19344 (13) 


0.26991 (6) 


0.0295 (3) 




F5 


0.55029 (14) 


0.10401 (13) 


0.24085 (6) 


0.0304 (3) 




F6 


0.55644 (16) 


0.27288 (15) 


0.29575 (6) 


0.0368 (4) 




Ol 


0.31994 (19) 


0.27116(16) 


-0.08675 (7) 


0.0322 (4) 




Hlo 


0.387 (3) 


0.222 (3) 


-0.0866 (17) 


0.058* 




02 


0.05287 (17) 


0.37519 (15) 


0.07601 (7) 


0.0294 (4) 




03 


0.11139(19) 


0.56561 (16) 


0.11565 (8) 


0.0303 (4) 




Nl 


0.3449 (2) 


0.14152 (17) 


0.14112 (8) 


0.0235 (4) 




N2 


0.1754 (2) 


0.51397 (18) 


0.01744 (8) 


0.0257 (4) 




CI 


0.2766 (2) 


0.1044 (2) 


0.09080 (11) 


0.0265 (5) 




C2 


0.2698 (2) 


0.1688 (2) 


0.03333 (11) 


0.0270 (5) 




H2 


0.2194 


0.1357 


-0.0011 


0.032* 





Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = 1/[g 2 (F 0 2 ) + (0.0998P) 2 + 0.2114P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Apmax = 0.37 e A~ 3 
Apmin = -0.44 e A~ 3 

Absolute structure: Flack (1983), 1532 Friedel pairs 
Flack parameter: -0.08 (13) 
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Atomic displacement parameters (A 2 ) 



jjll V 22 ^33 v n jjU V 23 

C10 0.0500 (15) 0.0332 (13) 0.0339 (12) -0.0136 (12) -0.0226 (12) 0.0086 (11) 

Fl 0.0424 (15) 0.0259 (10) 0.0397 (11) -0.0088 (13) -0.0189 (12) 0.0016 (9) 

F2 0.073 (2) 0.0671 (17) 0.0510 (13) -0.0439 (16) 0.0102 (13) -0.0066 (12) 



sup-4 



supplementary materials 



U1 

r J 


0.0817 


(16) 


a ait 1 /1 a a 
U.U3Z1 (1U) 


A 1 AA 0\ 

U.1UU \L) 


A ATI A ( 1 A\ 

—u.uzoy (luj 


A A/i^A fl 7\ 

- u.uojy (i 1 ) 


A AIA^ fl A\ 

u.uuyj (14) 


C1U 


0.0500 


(15) 


a aiit /'i ia 
U.UJ 51 (13) 


A A11A (\ T\ 

u.ujjy (izj 


A A 1 T £ ( \ T\ 

— U.U1 3d (1ZJ 


A ATT/i (\ T\ 

— U.UZZo (1ZJ 


A AAO£ (\ 1 A 

U.UUoO (1 1 ) 


r 1 


0.0424 


(15) 


a men /1 a A 
U.UZjV (1U) 


A A1A7 z' 1 1 \ 

u.ujy / (11 ) 


A AAO 0 mi 

— U.UUoG (13j 


A A 1 OQ (\ 1\ 

— U.Uloy (IZj 


A AA 1 £ A3A 

u.uuio (y ) 


FT' 

rZ 


0.073 (2) 


A a^7 1 i"\ H\ 

U.UO / I (1 /J 


A A^ 1 A (\T\ 

U.Uj 1U {ij) 


u.u43y (,ioj 


A A 1 AT (\ X\ 
U.U1UZ {iJ) 


A AA^^ (\ TA 

U.UUOO (1ZJ 


E"2' 

r J 


0.0817 


( 1 6 s ! 


a ni ti /'i a a 
U.U3Z1 (1U) 


A 1 AA ^T\ 

U.1UU (ZJ 


A ATI A ( 1 A\ 

— u.uzoy (,iuj 


— u.uojy (,1 /j 


A AIA^ (\ A\ 

u.uuyj (i4j 


r4 


0.0283 


(71 


A A170 /'OA 

U.U.3 /o (0 J 


A ATT/1 /'/iA 
U.UZZ4 (0 J 


A AA 1 1 ( &\ 
U.UU13 {0) 


A AAT 1 ( Z.\ 

U.UUZ1 [p ) 


A AATT ( Z.\ 

u.uuzz p J 


rj 


0.0321 


(71 


A AT) 1 /7A 

U.U3Z1 (/J 


A AT^Q /^^^ 

u.uzoy (o ) 


A AACT 
U.UU5Z (0 ) 


A AATA 
U.UUZU (0 ) 


A C\C\A 1 (^\ 
U.UU41 {D ) 


rO 


0.0436 


(81 


A A/1 /I 7 /QA 

U.U44 / (p) 


A ATTT 

U.UZZZ (0 J 


A AA^C fl\ 

U.UUjo y 1 ) 


A A 1 TO 

u.uizy (o ) 


A AA1/1 f£A 

U.UU34 [O) 


<J1 


0.0443 




A AT 1 /Z /QA 

U.U3 10 (V J 


a mnc /7\ 
U.UZUj { 1 ) 


A AAQA 

u.uuyu { 1) 


A AA/^1 

— U.UUo.5 ( /J 


— U.UU jo {/) 


<JZ 


0.0323 


(K) 


A AT£7 /'OA 
U.UZO / (5J 


A ATQT (Si\ 

u.uzyz (0 j 


A AA/l ^ ^7^ 
U.UU4D \ 1) 


A AAT7 (1\ 
U.UUZ 1 \ l ) 


A AAA 1 /7A 
U.UUU1 (/J 




0.0389 


(9) 


A A77C /OA 

U.UZ /~>{o) 


U.UZ40 (0 J 


A AATA ^7^ 
U.UUZU \ 1) 


A AA71 (T\ 
U.UU / 1 { / ) 


A AAT7 f£A 
U.UUZ / [O) 


IN 1 


0 fl?fSfl 


f91 


A ATAO AAA 

U.UZUo {y ) 


A AT17 (Q\ 

U.UZ3 1 \o) 


A AAT1 (H\ 

— U.UUZ3 (/J 


A AA/i/1 /'OA 

— U.UUo4 (0 ) 


A AAA1 (H\ 
U.UUU3 {/ ) 


MT 

JNZ 


0.0317 




a rmc /aa 
U.UZZj (y ) 


A ATTA fCi\ 

u.uzzy (y j 


A AAA 1 /'OA 
— U.UUU1 {<$) 


A AATA fQ\ 

u.uuzy (0 ) 


A AAA/1 /'OA 

U.UUU4 (0 ) 


1 

CI 


V .VJUU 


n 11 


a atia n 1 A 
U.UZ3U (,1 1 J 


A AT^Q ^1 AA 

u.uzoy (iuj 


A AA1A Z^QA 

U.UU3U {y) 


A AACK (Q\ 

u.uuyj (y ) 


A AAA^ /'OA 

U.UUUO (0 ) 


L-Z 


0.0312 


mi 


A AT/1 Q /I 1 A 

U.UZ4o (1 1 ) 


A AT^A (\ C\\ 
U.UZjU (1UJ 


A AA 1 1 {Q\ 
U.UU13 (y) 


A AAQ1 (G\ 

U.UUyi (y) 


A AAA^ fdA 

u.uuuj (yj 


r~l 

Lo 


0.0246 




A AT 11 (\ A A 

U.UZ1 1 (1U) 


A A 1 AA ( 1 C\\ 

u.uiyy (iuj 


A AA 1 1 ^A\ 

u.uui3 (y ) 


A AATO fQ\ 

— U.UUZo (0 ) 


A AATT /'OA 

-U.UUZZ (oj 


C4 


0.0192 


f91 


A A 1 A1 (\ A A 

u.uiy.? (iuj 


A AT 1 1 ATA 

U.UZ 11 {y) 


A AAT/1 ^0\ 
U.UUZ4 (6 ) 


A AA 1 A fQ\ 

u.uuiy {<$ ) 


A AAT/^ /'OA 

— U.UUZo (5j 




0.0229 


noi 


A ATT O ^1 A A 

U.UZZo (1U) 


A ATT 1 fQ\ 

U.UZZ1 {y) 


A AAA 1 fQ\ 

U.UUU1 {y) 


A AA 1 7 /'OA 
U.UU1 / {&) 


A AAA/; /'OA 

U.UUUo (0 J 


Co 


0.0255 


mi 


A AT A /I 1 \ 

U.UZOU (1 1 ) 


A A1A/1 (\ 1 A 
U.U3U4 (1 1 ) 


A AA^O {Q\ 

U.UUjo (y) 


A AA 1 7 fQA 

U.UU1 / {y) 


A AA1 1 fdA 

u.uuji (yj 


Cn 


0.0239 


noi 


A ATO/1 /'I TA 

U.UZ&4 (1Z) 


A ATT£ fQ\ 

u.uzzo (y ) 


A AAT/1 ATA 

— U.UUZ4 {y) 


A AA17 /'OA 
— U.UU3 / (0) 


A AA7A /'AA 

— U.UU /U [y) 


Lo 


0.0214 


H01 


A AT^7 M 1 A 

U.UZj / (1 1 ) 


A AT 11 (\ (\\ 
U.UZ13 (1UJ 


A AA 1 T (Q\ 

u.uuiz (y ) 


A AAAC /^CA 

U.UUUo {0 ) 


A AAI^ /^OA 

U.UUjj {&) 




0.0184 


f9i 


a at 1 e (\ a A 
U.UZ 1 J (1UJ 


A ATA7 (Qi\ 

U.UZU/ (y) 


A AA 1 A fQ\ 
U.UU14 (0 ) 


A AAAQ /^OA 

u.uuuy (0 ) 


A AAT1 /^CA 
U.UUZ3 {0) 


Ci 1 


0.0247 


H01 


A A1AA n 1 \ 

U.U3UU (1 1 ) 


A ATA1 (\ C\\ 
U.UZU1 (1UJ 


A AA 1 T fQ\ 

u.uuiz (yj 


A AAT^ fOA 
U.UUZJ (5 J 


A AA 1 0 f OA 
U.UUlo (oj 


C1Z 


0 0306 


mi 


A ATTA /1 1 "\ 

U.UZZU (1 1 ) 


A A 1 OA fQ\ 

u.u 1 yu ^y ) 


A AA 1 A (Q\ 

u.uu 14 ^y ) 


A AATT fOA 

u.uuzz (^y J 


A AA 1 T f OA 
U.UUIZ (oj 


^1 1 


fl fl?QR 


n 1 1 


A ATI T (\ 1\ 

U.UZ3Z y\-l) 


A ATT1 (\ (\\ 


A AAA^ fQ\ 
U.UUUj (y) 


A AAI^ /"OA 

u.uujo (y ) 


A AAA/1 fOA 
U.UUU4 (oj 


C14 


0.0389 


(13) 


A ATT/1 (\ 1 "\ 

U.UZZ4 (,1 1 J 


A AIT^ /1 1 A 
U.U3Z0 (1 1 ) 


A AAAA (\ C\\ 
U.UUUU (1UJ 


A AAT/1 n AA 
U.UUZ4 (1UJ 


A AAT^ A^A 

u.uuz j (y ) 


Ci j 


0.0451 


(14) 


U.UZ54 ^1 


A A1CC ( 1 1\ 
U.UJoo \ 


A AAT^ (\ 1 
U.UUZ J \ L 1 ) 


A AA/l 1 (\ 1 A 
U.UU41 ^ 1 1 J 


A A1 AT (\ 1 A 
U.U1UZ (1 1 ) 


1 /Z 

do 


0.0454 


(14) 


A A117 ^1 A\ 


A ATQC (\ 1\ 

u.uzyo ^izj 


A AAT1 (\ 1\ 
U.UUZ3 ^IZJ 


A AAT^ /'I 1 A 
U.UUZJ ^ 1 1 ) 


A A1 TA (\ AA 
U.U1ZU (1UJ 


C17 


0.0362 


(12) 


A AT A 1 /I 11 

0.0341 (13) 


A AT A 1 / 1 A\ 

0.0241 (10) 


A AA/C C /I 1 \ 

0.0065 (11) 


A AA A 1 / 1 AA 

-0.0047 (10) 


A AAT A (C\ A 

0.0024 (9) 


C18 


0.0270 


(10) 


0.0238 (11) 


0.0262 (10) 


0.0025 (9) 


-0.0001 (9) 


-0.0009 (9) 


C19 


0.0257 


(11) 


0.0353 (13) 


0.0233 (10) 


0.0002 (10) 


0.0035 (9) 


-0.0002 (9) 


C20 


0.0407 


(14) 


0.0378 (14) 


0.0305 (11) 


0.0052 (11) 


-0.0030 (11) 


0.0020 (10) 


C21 


0.0269 


(12) 


0.0556 (17) 


0.0365 (13) 


0.0004 (12) 


0.0037 (10) 


-0.0108(12) 


C22 


0.0416 


(14) 


0.0395 (14) 


0.0344 (12) 


-0.0026 (12) 


0.0052 (11) 


-0.0119(11) 



Geometric parameters (A, °) 



C10— F3 


1.319(3) 


C7— C8 


1.361 (3) 


C10— Fl 


1.338 (3) 


C7— H7 


0.9500 


C10— F2 


1.374 (3) 


C8— C9 


1.433 (3) 


C10— CI 


1.501 (3) 


C8— Cll 


1.490 (3) 


C10'— Fl' 


1.335 (5) 


C12— C13 


1.548 (3) 


C10'— F2' 


1.310(5) 


C12— H12 


1.0000 


C10'— CI 


1.501 (3) 


C13— C17 


1.534 (3) 


C10'— F3' 


1.360 (5) 


C13— H13 


1.0000 


F4— Cll 


1.352 (3) 


C14— C15 


1.526 (3) 


F5— Cll 


1.347 (3) 


C14— H14A 


0.9900 


F6— Cll 


1.344 (3) 


C14— H14B 


0.9900 


Ol— C12 


1.425 (3) 


C15— C16 


1.515 (4) 



sup-5 



supplementary materials 



r\ i tt i p, 
<J1 — H1<J 


(\ Q A1 / 1 1 \ 

U.&43 (11) 


pi f TT 1 C A 

C 1 J — rl 1 jA 


A AAAA 

u.yyuu 


pil pio 

OZ — C 1 o 


1 11C f1\ 

l.ZZC) (3) 


pi f TT 1 CO 

CI J — rll jd 


A AAAA 

u.yyuu 


(J 3 — C 1 o 


1 i An 
1.34y (3) 


( ' \ s pn 
ClD — CI / 


1 C1*7 ( A \ 

I.jZ/ (4) 


U3 — c i y 


1.4 /o (3 J 


P 1 £ TT1 £ A 

C 1 D — rl 1 oA 


A QQAA 

u.yyuu 


XT 1 Z" 1 1 


1.322 (3) 


/ • 1 /C T_T 1 /TT3 

Clo — HloB 


A AAAA 

u.yyuu 


xt 1 pn 

JN 1 — cy 


l.Jol (3) 


P 1 -7 TJ 1 T A 

C 1 / — H 1 /A 


A AAAA 

u.yyuu 


XT'") no 
JNZ — Clo 


1.3oU (3) 


Z" 1 1 *7 T T 1 "70 

CI / — HI Id 


A AAAA 

u.yyuu 


XT1 Z" 1 1 /I 

JNZ — C14 


1.4/4 (3) 


Pin f '~)~) 

ciy — czz 


1 CI 1 (A \ 

l.M 3 (4) 


xti r^\i 
JNZ — CI 3 


1.4 /o (3) 


Pin pm 

ciy — czu 


1 C 1 C (A \ 

l.jlj (4) 


s • i pi 

CI — cz 


1 i aa \ 
1.3yy (3) 


pm pi i 

ciy — czi 


1 C 1 A (A \ 
l.jiy (4) 


P1 PQ 

CZ — C3 


1.351 (3) 


Pin inn a 
CZU — HZUA 


A AOAA 

u.yyuu 


pi [ n 

CZ — HZ 


U.yDUU 


Pin rriAT") 
CZU — HZUB 


A AOAA 

u.yeuu 


p "J p a 

C3 — C4 


1.4Z1 (3) 


Pin in t\( ■ 
CZU — HZUC 


A AOAA 

u.youu 


C3 — C1Z 


l.M / (3) 


p-v 1 TT1 1 A 

CZI — HZ1A 


A AOAA 

u.youu 


CA CQ 


1 All (Vi 


Cl\ T471R 
i — 1 1 _ i r> 


U.70UU 


C4 — C5 


1.425 (3) 


C21 — H21C 


0.9800 


C5 — C6 


1.364 (3) 


C22 — H22A 


0.9800 


C5 — H5 


0.9500 


C22 — H22B 


0.9800 


C6 — C7 


1.410 (3) 


C22 — H22C 


0.9800 


C6 — H6 


0.9500 






TT1 rift T7 1 

r 3 — C1U — r 1 


1 A*7 1 

1U 1 .2 yi) 


rn LJ11 
Cl3 — Cl2 — H12 


1 AA O 

1U9.8 


TT1 nft TTO 

ri — C1U — r2 


luo.y (3) 


mo ni r<n 
JN2 — C13 — CI / 


1 1 A "7A 0\ 

11U./U (18) 


tt i n a t?o 
r 1 — C1U — rz 


1U4.3 (Zj 


JN2 — C13 — C12 


111 An (\ o~\ 
111. 4/ (16) 


tti no p 1 
r3 — C1U — CI 


11/1 1 

114.1 (ZJ 


pn pn pn 
CI / — C13 — C12 


1 1 O OO ^1 A\ 

112.22 (19) 


X7 1 p 1 a p 1 
r 1 — C1U — CI 


11Z.0 (3) 


mo n i un 
JN2 — C13 — H13 


1 AO A 

1U/.4 


T7i n a p 1 
rz — C1U — CI 


111 T /">\ 

1 1 1 .2 (2) 


no ni nil 
C 1 / — C 1 3 — ti 1 3 


1 AO A 

1U/.4 


T7 1 1 nfti T?0' 

r 1 — C1U — rz 


11/1 *7 /I 1 \ 

114. / (11) 


no ni nil 
C12 — C13 — HI 3 


1 AO A 

1U/.4 


T71 ' n/ii p i 
r 1 — C1U — CI 


llo.o (1Z) 


MO PI /| pi f 

JN2 — C14 — CI 5 


1 1 1 A /0\ 

111.9 (2) 


T7T p 1 A' p 1 
rz — C1U — CI 


1 1 £ £ f£\ 

1 lO.D (O ) 


MO n A U1/1A 

JN2 — C14 — rll4A 


1 AA O 

iuy.2 


T7 1 I p 1 A' T?0' 

rl — C1U — r3 


1 A O O f 1 A\ 
1UZ.O (1U) 


nc n/i uid a 
CI 5 — C14 — H14A 


1 AA O 

iuy.2 


TTO' P 1 A' T?0' 

rz — C1U — ri 


1 AA 1 ZO\ 
1UU.1 (5) 


MO n A U1 yID 

JN2 — C14 — rll4h5 


1 AA O 

iuy.2 


pi p 1 A' T7"5' 
CI — C1U — t 3 


1 AT 1 (H\ 
1UZ.1 (/) 


pir pn ui/ID 

C15 — C14 — ril4t5 


1 AA O 

iuy.2 


CI 2 — CH — HIO 


111 

111 (3) 


U1 A A p| J U1/1T3 

H 1 4 A — C 1 4 ti 1 4h5 


1 AO A 

lu/.y 


no pai p 1 a 

CIS — U3 — ciy 


111 m /io\ 
ili.yi (16) 


P1£ PIT P1< 

C16 — CO — C14 


1 1 A O ZO\ 

1 1U.2 (2) 


pi mi 

ci — jn i — cy 


110.55 (16) 


pit pic IJ1CA 

C 1 0 — C 1 5 — rl ISA 


1 aa /; 

luy.o 


no MO fl /I 

C18 — JNz — C14 


m /rft /10\ 

lzz.09 (lo) 


pia pic mcA 
C14 — CI J — HI 5 A 


1 aa /; 

luy.o 


no mo rn 
CIS — JNz — CI 3 


1 1 o /^/; t\\ 
116.00 (19) 


P1<r P1C 111 CD 

Clo — CI 5 — HlDrs 


1 aa /; 

luy.o 


n a mo no 
C 1 4 — JN 2 — C 1 j 


1 1 O C7 {^ H\ 

116.5 1 \i 1) 


P1A P1C U1CD 

C14 — CO — HOB 


1 aa /: 

luy.o 


Ml p 1 po 

JN 1 — CI — Cz 


lie t 

IzD.z (2) 


U1CA P1C Ul CD 

H 1 _> A — C 1 J — H OB 


1 AO 1 

1U8.1 


mi p 1 p 1 a' 
JN 1 — CI — C1U 


11*5 T> /10\ 

113.32 (16) 


pic pu pn 
C 1 5 — C 1 0 — C 1 / 


1 AA A /0\ 

luy.y (2) 


po p 1 p 1 A' 
Cz — CI — C1U 


ill An i 1 n\ 
121.4/ (19) 


P1C PU nu A 

C 1 J — C 1 0 — H 1 OA 


1 AA O 

iuy. / 


mi p 1 p i a 
JN 1 — CI — C1U 


1 1 1 /I n\ 

113.32 (16) 


pn pu uu a 
C 1 / — C 1 6 — H 1 0 A 


1 AA O 

iuy. / 


po p 1 p 1 a 
Cz — CI — C1U 


1 n /n / 1 a\ 
121.4/ (19) 


P1C PU nun 

C 1 J — C 1 0 — H 1 OB 


1 AA O 

iuy. / 


pi po p 1 
C3 — Cz — CI 


119.1 (2) 


pn pi/; TT1/IT!) 
C 1 / — C 1 6 — H 1 6B 


109.7 


C3— C2— H2 


120.5 


H16A— CI 6— H16B 


108.2 


CI— C2— H2 


120.5 


C16— C17— C13 


113.3 (2) 


C2— C3— C4 


118.04(19) 


C16— C17— H17A 


108.9 


C2— C3— C12 


118.62(19) 


C13— C17— H17A 


108.9 


C4— C3— C12 


123.32 (19) 


C16— C17— H17B 


108.9 



sup-6 



supplementary materials 



PI f^A Pn 

C3 — C4 — cy 


1 1 *7 nn c\ n\ 

ii /.yy (iy) 


p 1 1 pn 1 1 1 "7 o 
C13 — Cl / — rll Id 


1 no n 

luo.y 


C3 — C4 — Cj 


123. /o (iy) 


TJ1 7 A p| 1 I I 1 "7T) 

hll /A — Cl / — rll lii 


1U/. / 


pa p a pr 
Cy — C4 — CD 


| i o / 1 o\ 

llo. 23 (lo) 


P.T pi o r\i 

U2 — Clo — U3 


11/1 A /1\ 

124.4 (2) 


p/l nr p a 

Co — Cj — C4 


121 .U (2) 


P.T PI O XT'") 

<J2 — Clo — JN2 


1 n n /i\ 
123.y (2) 


p/: rif Tjr 

Co — Cj — hlD 


line 

i iy. j 


P.1 PIO XTO 

U3 — Clo — JN2 


111 H /1\ 
111./ \1) 


P/i PC II c 

C4 — Cj — hlD 


unc 

ny.j 


p.i pin pn 
U3 — C 1 y — C22 


1 m no ( 1 n\ 
1U2.UO (iy) 


PC p/r p-7 

CD — Co — C / 


1 in O /1\ 

12U.0 (2) 


p.i pm pm 
U3 — C 1 y — C2U 


1 nn 7c n n\ 
lUy. ID {[y) 


re p/c 

CD — Co — hlo 


1 1 n & 

iiy.o 


pn pm pm 
C22 — C 1 y — C2U 


i 1 n n /i\ 
HU.y (2) 


pa P/C TJ£ 

C / — Co — hlo 


1 1 n ^ 

i iy.o 


P.Q P 1 fl PO 1 

<J3 — C 1 y — C2 1 


1 1 n a /i\ 
1 1U.4 (2) 


pi r^c 
Co — C / — Co 


1 in i /i\ 
12U.2 (2) 


pn pin po 1 
C22 — C 1 y — C2 1 


>* >* f\ A Cl\ 

11U.4 (2) 


ro PI \jn 

Co — C / — hi / 


linn 

ny.y 


p o a pm pn 
C2U — C 1 y — C2 1 


1 1 1 o /1\ 

1 12.0 (2) 


p/l PI I I "7 

Co — C / — rl / 


imn 

i iy.y 


Pin pm tjipi a 
C 1 y — C2U — hl2U A 


1 nn c 

iuy.j 


P"7 no pn 

c / — Co — cy 


1 in ^ /i\ 
12U.0 (2) 


Pin pin i had 
C 1 y — C2U — rl2Ur> 


1 nn c 

iuy.j 


P*7 PP pi i 

C / — Co — C 1 1 


i i n nn ci n\ 

ny.yy (iy) 


1 1 -> a a pin i had 
hl2UA — C2U — hl2Ur> 


1 nn c 

iuy.j 


pn po pi i 

cy — Co — c 1 1 


i in in /1 n\ 

ny.iy (iy) 


pin pin 1 1 1 ap 
C 1 y — C2U — hl2UC 


1 nn c 

iuy.j 


Ml ppi p A 

JN 1 — Cy — C4 


123.13 (lo) 


1 1 -> pi * pm in t\( ■ 
hl2UA — C2U — hl2UC 


1 nn c 

iuy.j 


Ml ppi PO 

jn i — cy — Co 


I 1 n n r f\ o\ 

II /. /O (lo) 


1 11 AD Pin Til t\( " 

rl2Ur> — C2U — hl2UC 


1 nn c 

iuy.j 


P/i pn po 

C4 — cy — Co 


1 m n /i n\ 

iiy.12 (iy) 


p 1 n pi 1 tji 1 a 
C 1 y — C2 1 — hl2 1 A 


1 nn c 

iuy.j 


T7 *r P 1 1 T7C 

ho — CI 1 — h j 


iiD.y3 (lo) 


Pin pn unD 
Ciy — C21 — rl21r> 


1 nn c 

iuy.3 


T?/: pi i T7 A 

ho — Cl 1 — h4 


1 AC O A ( 1 0\ 

1Uj.o4 (lo) 


l n 1 a Pi 1 ii") 1 r> 

hl2 1 A — C2 1 — hl2 IB 


1 nn c 


T7C P 1 1 T7 A 

h j — Cl 1 — h4 


1 n^ in n o\ 
lUo.3y (lo) 


Pin pii Till p 
Ciy — C21 — hl21C 


1 nn c 

iuy.j 


T?/: p| | po 

ho — Cll — Co 


i 1 1 a q p. n\ 

112.43 (iy) 


tji 1 a pi 1 i n ip 
hl2 1 A — C2 1 — hl2 1C 


1 nn c 

iuy.j 


T7C P 1 1 PO 

h j — Cll — Co 


1 i i to pi o\ 

112.3o (lo) 


TJl ID PI 1 TT1 1 P 

hl2 1 r> — C2 1 — hl2 1 C 


1 nn c 

iuy.j 


F4 pii re 


1 1 % 10 (\ Ri 

1 1 J.JU ^loj 


pin f 77 M??A 


1 \Jy . J 


Ol — C12 — C3 


110.71 (18) 


C19 — C22 — H22B 


1U9.5 


Ol — C12 — C13 


1U5.59 (17) 


H22A — C22 — H22B 


109.5 


C3 — C12 — C13 


1 10.95 (18) 


C19 — C22 — H22C 


1U9.5 


Ol — C12 — H12 


1U9.8 


H22A — C22 — H22C 


1U9.5 


C3 — C12 — H12 


1U9.8 


H22B — C22 — H22C 


109.5 


(~"Q mi n r^o 
CV — JN 1 — C 1 — Cz 


-U.8 (3) 


n f^A ro rc 
Cj — C4 — Cy — CS 


1 "7Q O ( 1 Q\ 

i /y.oz (iyj 


— JN 1 — Cl — ClU 


1 "7Q QQ ( 1 G\ 

_ i /y.oy (iyj 


r^c r^A r^r. r^Q 

Cj — C4 — Cy — CS 


1 -4 (3) 


rn mi pi pi/i 

cy — JN 1 — Cl — ClU 


1 *7n on ci n\ 

-i /y.oy (iy) 


f^l f^Q f^d Ml 

c / — cs — cy — JN 1 


1 *70 1 Cl\ 

1 /o.l (2) 


r 1 — ClU — Cl — JN 1 


1 /U.2 (1U) 


n i /^o f~*c\ mi 

c 1 1 — ca — cy — jn i 


-1.4 (3) 


rz — ClU — Cl — JN 1 


2y.4 (1U) 


f^n f^Q r^n f^A 
C / — Co — Cy — C4 


1 1 

-2.1 (3) 


rj — ClU — Cl — JN 1 


— /o.o (/) 


P1 1 /~iO l~*C\ A 

cii — c o — cy — C4 


no r i p, n\ 

i /o.j i (iy) 


r 1 — ClU — Cl — Cz 


— o.y (iu) 


f^n f^Q /^l 1 t?^ 
C / — Co — C 1 1 — r 6 


o.o (3) 




~14y. / (1U) 


Cy — Co — C 1 1 — r 6 


1 "71 *7C / 1 n\ 

-1 15. ID [Ly) 


f j ClU — Cl — Cz 


1U2.3 ( /) 


f^~l f^Q n 1 TTC 

C / — Co — C 1 1 — r J 


HI/; /i\ 

— 1 12.0 (2) 


c 1 I nni pi fin 

r 1 — ClU — Cl — ClU 


c\( 1 nn\ 
U(1UU) 


cy — Co — C 1 1 — r j 


oo.o (3) 


rz — ClU — Cl — ClU 


U(98) 


f^n f^Q r^i 1 tt^ 
C/ — Co — Cll — r4 


| 1/T O /1\ 

12o.o (2) 


rj — ClU — Cl — ClU 


ncc a\ 

0(54) 


r^n r^o n i it a 
Cy — Co — C 1 1 — r 4 


Cl O CIA 

— D3.0 (3) 


rJ — ClU — Cl — JN 1 


—51.0 (4) 


Cz — C3 — C 1 z — U 1 


i o n pj \ 
3 o.U (3) 


IT 1 nft /~> 1 XT 1 

r 1 — ClU — Cl — JN 1 


1 HA C\ f1\ 

— 1 /4.U (3) 


C4 C3 — C 1 z — U 1 


1/11 ^ /i\ 
143.0 {I) 


pin /— i 1 \H 

tl — ClU — Cl — JN 1 


69.4 (3) 


C2 — C3 — C 1 2 — C 1 3 


*7 0 n 

78. y (2) 


F3 — ClU — Cl — C2 


129.3 (3) 


C4— C3— C12— C13 


-99.5 (2) 


Fl— ClU— Cl— C2 


6.9 (4) 


C18— N2— C13— C17 


138.6 (2) 


F2— ClU— Cl— C2 


-1U9.7 (3) 


C14— N2— C13— C17 


-44.6 (3) 


F3— ClU— Cl— ClU' 


0(16) 


C18— N2— C13— C12 


-95.8 (2) 


Fl— ClU— Cl— ClU' 


U(1UU) 


C14— N2— C13— C12 


81.1 (2) 
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TT1 nft pi pifti 

r2 — CIO — CI — CIO 


f\i 1 c\c\\ 


\r1 pi PI PI 

JN 1 — C 1 — C2 — Cj 


-U.o (4) 


nni pi p^ pi 
CIO — CI — C2 — CJ 


1 *70 T /">\ 

1 /o.Z (ZJ 


PIA P1 PI PI 

C 1 0 — C 1 — C2 — C 3 


1 /o.Z (ZJ 


pi p^ pi f^A 
C 1 — C2 — C.5 — C4 


1.9 (3) 


pi po pi pi o 
C 1 — tz — Lj — C 1 2 


—l /0.0 (Z J 


po pi p/i ro 

cz — cj — C4 — cy 


1 1 /"J A 

-1.3 (3) 


fMO pi p/i ro 

c i z — Co — C4 — cy 


1 "7"7 m (\ Q\ 

1 / /.UZ yvy) 


p^ pi a pc 
Cz — C3 — C4 — C5 


1 *7*7 n /">\ 
1 / /.(J (Z) 


rn pi p^i pc 
C 1 2 — C 3 — C4 C5 


-4.7 (3) 


pi p^i pc p/: 
CJ — C4 — C5 — Co 


1 *70 /I 

—1 /o.4 (Zj 


pn p^i pc p/; 
Cy — C4 C5 — Co 


-0.1 (3) 


p^i pc p/; p~7 
C4 — CD — Co — C / 


— U.o (3) 


pc p/; p~7 pq 
CD — Co — C / — Co 


U.U (3) 


p/; p"7 po pn 

Co — c/ — cs — cy 


1.3 (3) 


C6— C7— C8— Cll 


-179.2 (2) 


CI— Nl— C9— C4 


1.4 (3) 


CI— Nl— C9— C8 


-178.7 (2) 


C3— C4— C9— Nl 


-0.3 (3) 


C5— C4— C9— Nl 


-178.73 (19) 



pi rn ri i \n 
Ul — Clz — C13 — JN2 


1 /y.Uy (1 /) 


C J — C 1 2 — C 1 j — JN 2 


fA 1 /^)\ 

59.1 (2) 


pi rn ri i p 1 "7 
Ul — C12 — C1J — CI / 


-DO.l (Z) 


pi rn ri i P1"7 
C 5 — C 1 2 — C 1 i — C 1 / 


1 no /■ 1 n\ 

-1 /o.Uo (ly) 


no \n p 1 /i pk 
CIS — JN2 — CI 4 CI J 


11/1 O 

— 134. o (Z) 


( ■ 1 T \fl pi /I pi c 

CI J — JN2 — C14 CI J 


4o. J (3 ) 


\n p 1 pi c pi 
JN2 — C14 — CIS — CI 6 


-53.7 (3) 


pii P i /C rn 
C14 — CIS — Clo — CI / 


CO O /QA 

Do.Z (3) 


nc p i s /~in p 1 1 
CIS — Clo — CI / — C13 


—JO. 3 (3) 


xn pii pn pi£ 
JN2 — C13 — CI / — Clo 


4/.0 (3) 


pn P11 P1 -7 P1 /; 

C12 — C1J — CI / — Clo 


— / /.D (Z) 


no. pi pi o 

C 1 y — \ji — C 1 8 — U2 


7.6 (3) 


pin pi pi o "\t^> 
C 1 y — \ji — C 1 8 — JN 2 


— 1 /Z.U/ (IV) 


pil \n p] n PI 

C 1 4 — JN 2 — C 1 8 — U2 


—i /v.i (Z) 


pn \n p i o pi 

C 1 3 — JN 2 — C 1 8 — 02 


-2.4 (3) 


CI 4— N2— CI 8— 03 


0.6 (3) 


CI 3— N2— CI 8— 03 


177.28 (18) 


CI 8— 03— CI 9— C22 


177.8 (2) 


CI 8— 03— CI 9— C20 


60.1 (3) 


CI 8— 03— CI 9— C21 


-64.8 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

Ol— Hlo-02 i 0.85 (3) 1.96 (3) 2.794 (3) 171 (3) 

Symmetry codes: (i) x+1/2, -y+l/2, -z. 



sup-8 



supplementary materials 




sup-9 



supplementary materials 




sup-10 



